INTRODUCTION
The proper operation, maintenance and rehabilitation of existing drinking water distribution systems and the design of new networks require knowledge and understanding of flow patterns into drinking water supply areas. These contain information about both demand and leakage, but this information is often difficult to retrieve and interpret.
Leakage continues to be a problem for water companies around the world, with water losses ranging from 3% to more than 50% of distribution input (Lambert ; Beuken 
CFPD METHODOLOGY
A complete description of the CFPD methodology is presented in Van Thienen (). This section provides a brief overview of the method and a description of the CFPD block analysis.
CFPD procedure
Consider a supply area for which the flow rate into the area (accounting for all inflow, outflow and storage) is registered for a period of time (e.g. a day, a week, a month or an entire year) and again for a comparable period in the following year of the same length (Figures 1(a) and 1(b) ). The registered patterns are likely to be similar in shape but not exactly the same. The simple CFPD procedure allows a quantitative comparison of these patterns, taking the following steps:
1. Sort both data sets from small to large magnitude ( Figure   1(c) ). Sorted measurement ranks, scaled to a 0-1 range, are on the horizontal axis, flow rates are on the vertical axis.
2. Plot one data set against the other in a CFPD plot (Figure 1(d) ).
3. Determine a linear best fit with slope a and intercept b.
Note that the word pattern is used here in the sense of a time series which is generally repetitive to a significant degree with some variations. The supply area can be quite small (Van Thienen , shows a case with just 70 connections), as long as there is still a more or less regular daily pattern. Theoretically, there is no upper limit to the supply area size, although interpretation of the results may be more difficult in larger areas. Note that it is preferable to use a comparison period of several days or longer to dampen effects of variations in the patterns due to the stochastic nature of water demand. In general, it is preferable to construct the CFPD plot with the first period on the horizontal axis and the second on the vertical. In this case a > 1 and/or b > 0 corresponds to an increase in flow rate.
The procedure for comparison periods of equal length, described here, can easily be performed in an ordinary spreadsheet program. Note that comparison of periods of different length is also possible but requires an expanded procedure and special software, see Van Thienen ().
Interpretation
The CFPD diagram which is thus constructed reflects a number of characteristics of the relation between the two flow patterns which are compared in a very simple way.
These are illustrated in a number of hypothetical cases, for which perfect data are assumed. If the shape of the flow patterns which are compared is identical, the resulting CFPD curve will be a straight line. If the shapes are the same, but one is offset relative to the other by a constant value (e.g. a constant amount of leakage), the slope of the curve will be 1 but it will be offset. This change is defined here as an inconsistent change, as it does not follow the existing pattern of variations throughout the day but is uniform. The y intercept b (unit is the same as the flow rate unit used in the input data, e.g. m 3 /hour) in the CFPD-plot is equal to the offset value of the pattern. If the shape is the same but the pattern has been scaled by a certain value, this scale factor will be reflected in the slope a (dimensionless) of the curve. This change is defined here as a consistent change, since it does follow the existing flow rate variation.
Note that consistent and inconsistent changes are purely numerical characteristics of the comparison of the two periods. If the second pattern differs from the first only during a part of the day, a deviation from the ideal line is observed for a part of the curve. Ideally, a fit should then be made of the part of the CFPD curve which does not deviate if information is sought on processes operating throughout the day, such as leakage.
In general, several processes may be operating simultaneously, and therefore they may be obscured in the flow pattern. The CFPD analysis allows the consistent and inconsistent changes to be isolated, facilitating quantification and interpretation. Note that processes such as the pressure dependence of leakage rates, events with a similar or shorter duration than the comparison time window, and noise will affect the quality of the CFPD fit. These issues are discussed in more detail in Van Thienen (). 
RESULTS AND DISCUSSION
This section describes applications of the CFPD methodology to several datasets from water distribution networks with varying characteristics. Figure 4 shows some CFPD analysis results for this area.
CFPD analysis
In Figure 4 in which it appears, late June or early July (see These increases are probably related to garden watering.
The months of April, May and June 2008 had a below average amount of rainfall. In 2009, August and September were unusually dry, whereas July had more rainfall than the many year average. Note that these inconsistent increases partially coincide with the consistent decreases related to summer holidays described above. The CFPD method has no problem distinguishing these opposite effects.
The third interesting feature is that most of the long-term to get a clearer picture of other factors such as increases in demand and leakage. This is recommended for future work.
CONCLUSIONS
The cases which are described in this paper provide example applications of the CFPD method:
• simple identification and quantification and exact timing of a small new leak (3 m 3 /hour) in flow data for a small supply area (2,850 connections);
• interpretative analysis of multi-year flow changes connected to consumer behavior and weather conditions, with coinciding opposing effects being separated, identified and quantified independently;
• difficulties of interpretation in supply patterns which are strongly influenced by climate.
The CFPD block analysis provides a simple tool to analyze flow changes, distinguishing between different types which aids interpretation and quantification, and to visualize them such that features and trends in complicated time series become apparent at a glance.
